As part of the 2010 near-surface geophysics workshop in Chiang Mai, Thailand, local archaeological targets were used as a basis for teaching geophysical data collection, processing, and interpretation techniques. By addressing local issues and interests, the workshop was able to demonstrate to participants and the local community how near-surface geophysics can be applied using simple survey methods and low-cost processing techniques.
Introduction
The inaugural Geoscientists Without Borders (GWB) funded Southeast Asia geophysics workshop took place from 3-16 January, 2010 in Chiang Mai, Thailand with 41 student participants and 14 instructors at three main field sites with additional data collected in the greater Chiang Mai Basin. The multi-national two week geophysics workshop focused on near-surface archaeological, geological and geohazard issues at sites in the greater Chiang Mai, Thailand area. GWB is a non-profit initiative managed by the SEG Foundation and supported by donations from members and corporate donors. The GWB's mission is to fund projects that use geophysics to benefit communities and the environment around the world.
The workshop consisted of one week of data collection and one week of processing, interpretation, and presentations. While the workshop exposed participants to a suite of geophysical methods and applications, the workshop also allowed local and governmental agencies the chance to investigate the usefulness of geophysics for addressing near-surface problems. At the end of the workshop, participants both orally presented their findings and compiled a publically-available written report for all the data sets and sites. Two archaeological sites, Wiang Kum Kam and Wat Pan Sao, were surveyed by the field camp participants to evaluate the practicality and effectiveness of various geophysical techniques: seismic methods including refraction and reflection (not discussed here), groundpenetrating-radar (GPR), DC resistivity, and magnetic. Furthermore, the geophysical surveys at these two ancient temple sites aimed to locate anthropogenic structures of historical significance. Each student participant contributed to at least one component of data acquisition, processing, interpretation, and presentation of the two sites.
While the structural remains at both of these sites were similar in their composition, construction, and general design, the two sites yielded different results and interpretations. Contrasting environmental conditions, such as differences in soil compositions and noise sources at the sites contributed to differences in data quality. Interpretation of data from Wiang Kum Kam yielded no evidence for anthropogenic structures underneath the survey area while the data from Wat Pan Sao shows large areas of amplitude anomalies where additional structures may likely be buried.
Methods
For the archaeological surveys, we used a 200 MHz GSSI GPR system with constant-offset survey geometry, a Geometrics G858 cesium vapor gradient magnetometer, and a manual ABEM resistivity meter. A Sokkia total station was used to survey grid corners and elevations at the sites.
At Wiang Kum Kam, we laid out 10 m x 10 m survey grids with 2 m overlap to allow for balencing of magnetic data between survey grids. The radar was collected with parallel transverses at 1 m spacing. While we collected profiles using a constant sampling rate instead of an odometer wheel, we marked every 1 m with the GSSI system. Because we were initially focused on locating anthropogenic targets and wanted to minimize topographic effects along the profiles, we oriented our survey lines parallel to the strike of a mound and ditch. However, we also collected profiles, such as Line 1, perpendicular to our major survey direction and to the strike of a mound and ditch structure. The magnetometer was oriented with parallel traverses at 0.5 m spacing using a 1 m vertical sensor separation. Additionally, we used a proton precession magnetometer as a base for diurnal variation corrections. Our single 40 m resistivity profile was collected perpendicular to the strike of the mound and ditch structure along Line 1 (Figure 1 ) with 2 m electrode spacing. After a preliminary analysis of our data, we also cored two locations on the endpoints of Line 1.
Data collection at Wat Pan Sao varied slightly from the methods employed at Wiang Kum Kam. Both GPR and magnetic data were collected with parallel transverses at 0.5 m spacing using the same marking system for locating the inline position. Additionally, we collected data in both the N-S and E-W trending lines. The magnetometer data were also collected in both a vertical gradient and horizontal gradient mode with 1 m sensor separation.
We performed minimal GPR processing. Distances were interpolated from the 1 m marks, and a 5-trace horizontal rolling stack was applied before the profiles were downsampled to 0.05 m trace spacing. We estimated a radar velocity of 0.1 m/ns at Wiang Kum Kam and 0.075 m/ns at Wat Pan Sao from diffraction hyperbolas. A simple time to depth scale conversion was applied to the radargrams from Wiang Kum Kam while a single velocity F-K migration was used for the radargrams from Wat Pan Sao to collapse the numerous diffraction hyperbolas.
The resistivity data from Wiang Kum Kam were processed using RES2DINV from Geotomo Software. Because there are relatively significant elevation changes along the profile, we applied topography to the data set before inversion. Additionally, seven readings were rejected leaving 119 soundings for the finite-element inversion.
Wat Pan Sao
The original Wat Pan Sao, or Pan Sao Temple, was constructed during the reign of King Phaya Yoo (1336-1355). Wat Pan Sao was later destroyed and buried under layers of sediment and debris, but the original Chetti remains visible on the site. Located immediately outside the moat-enclosed city center, uses of the site have included a field for feeding elephants and a landfill. The Chanantra Satit Mahathan Baramee Srichaiya Monkol sanctuary is currently being constructed on the temple grounds, and test excavations by the Department of Fine Arts have revealed the remains of structures at a depth of 0.5 -1.5 m below the site (Figure 2 ).
The archaeological mapping of Wat Pan Sao, located within the heavily urbanized Chiang Mai city, was hampered by cultural noise, trees, and landfill debris comprising the first 0.25 m of soil across a significant portion of the site. Magnetometer and radar data over the largest open field at the site are dominated by a network of buried pipes (Figure 3) . The radar's depth of penetration was limited to approx. 1.2 m at the site because of the conductive soil conditions. While some anomalous regions can be tentatively identified the radar and magnetic gradient data, it is difficult to draw further conclusions about the shape or sources (i.e. buried walls, floors, walkways, etc) of these anomalies (Figure 3) .
Wiang Kum Kam
The ancient city of Wiang Kum Kam, now a tourist destination in the greater Chiang Mai area, was established as the Lanna capital in 1288 by King Mangrai. The riverside location of Wiang Kum Kam was prone to severe flooding during the seasonal rains and the Lanna capital was moved to a new site, the modern area of Chiang Mai, in 1296. Wiang Kum Kam continued to exist as a satellite town until the end of the Mangrai Dynasty in 1558. Subsequent flooding of the Ping River between the mid 1500s and mid 1800s deposited 1.5 -1.8 meters of sediment on top of the town and completely buried some of the remnant structures. When it was built, the town was situated along the western bank of the Ping River, but it is now situated along the eastern bank.
The excavated archaeological sites are interdispersed amongst residential neighborhoods and orchards. Our workshop objective was to determine if a mound and ditch complex represented another buried temple complex or if instead it could be attributed to a geologically controlled structure. Previous geophysical work at Wiang Kum Kam had shown that the ancient temple walls and floors made from baked bricks created anomalies in magnetometer surveys (Wood et al., 2004) . The structure had been thought to be the abandoned river channel and levee of the Ping River (Velochovsky et al., 1987; Pitrakul and Uttamo, 1987) , but the mound area is also covered in anthropogenic debris such as bricks of the same type used in ancient temple construction.
At Wiang Kum Kam we did not find any geophysical anomalies that could indicate archaeological structures underneath the mound and ditch area. Surveys over known structures at a nearby temple complex confirmed that the brick materials used in walls and buildings yield detectable anomalies in radar, resistivity, and magnetic data ( Figure  4) . Furthermore, past geophysical surveys at Wiang Kum Kam have been able to identify wall structures from magnetic vertical gradient data (Wood et al., 2004) .
Despite the lack of anomalies attributable to anthropogenic sources, radar, resistivity, and seismic data show evidence for a paleo-channel and levee system ( Figure 5) . The GPR transect shown in Figure 5 imaged a wedge-shaped area, between 0 and -10 m distance, lacking the strong laterally coherent reflections seen along the rest of the transect. This area also had deeper radar penetration and contains the highest resisitivity values along the DC resistivity profile. These observations lead us to believe that this region is comprised of sandy soils and is an in filled river channel. Subsequent coring of the area affirmed this interpretation, and we attribute the paleo-channel to the former path of the Ping River. If this channel was contemporaneous with the temple ruins, then the channel could help define the extent of Wiang Kum Kam.
Discussion
While the survey results at the two archaeological sites, Wat Pan Sao and Wiang Kum Kam, did not definitively identify any previously unknown ancient structures, the surveys generated enthusiasm and interest from a number of parties including local monks, archaeologists, and curious visitors. The participants of the workshop were able to interact with interested community members and show how geophysical techniques are used to map areas of interest. 
